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Atrioventricular plane displacement
during low dose dobutamine infusion
predicts recovery of left ventricular
dyssynergies

SIR,—We read with interest the study by Wil-
lenheimer et al regarding the prognostic
significance of left atrioventricular plane dis-
placement (AVPD) in patients with heart
failure.1 This study showed that mortality in
patients with heart failure is strongly related
to systolic left atrioventricular plane motion.
The movement of the left atrioventricular
plane is a result of the longitudinal shortening
of left ventricular fibres. During systole, the
contraction of the longitudinal fibres of the
left ventricle leads to a descent of the atrio-
ventricular plane towards the relatively im-
mobile cardiac apex. It should not be forgot-
ten that assessment of left ventricular systolic
function by cross sectional echocardiography
is sometimes diYcult because endocardium
is inadequately visualised, especially in the
elderly. In contrast, the mitral ring is
distinctly outlined and easily studied by M

mode recording,2–4 and, as it was related to
mortality in cardiac failure patients, M mode
echocardiography was recommended for
general use.1

Willenheimer et al proposed further studies
of the eVects of diVerent drugs on systolic
AVPD. We recently assessed the value of left
AVPD during low dose dobutamine infusion
to predict functional improvement of asyner-
gic infarcted myocardial areas after revascu-
larisation in patients with heart failure caused
by ischaemic heart disease.5 In healthy
subjects we found a significant increase of left
AVPD at all four recorded sites (septal,
lateral, anterior, and inferior walls of the left
ventricle) after dobutamine infusion. Patients
also had a significant increase of left systolic
AVPD during dobutamine infusion, but only
in the dyssynergic sites with functional
improvement after revascularisation. In the
dyssynergic areas without functional im-
provement left AVPD did not change. Select-
ing a maximum left AVPD increase of more
than 2 mm at any site of the left ventricle to
predict recovery of the regional dyssynergies
resulted in a sensitivity of 91%, specificity of
83%, positive predictive value of 88%, and

negative predictive value of 87%. Willenhe-
imer et al found that mortality in patients with
heart failure is related to systolic AVPD. We
found that assessment of left systolic AVPD
during low dose dobutamine infusion pre-
dicted left ventricular dyssynergy recovery
after revascularisation in patients with heart
failure caused by ischaemic heart disease.
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This letter was shown to the authors, who reply
as follows:

We read with great interest the letter by Kra-
nidis et al concerning their study on the value
of AVPD in predicting functional recovery
following revascularisation of akinetic/
dyskinetic myocardium.1 These findings add
further to the knowledge about the nature of
AVPD.
Why is AVPD improved in response to

dobutamine infusion? The most obvious
answer seems to be that dobutamine im-
proves contractility of hibernating subendo-
cardial fibres. In addition, improved diastolic
function may play a role. In 54 patients with
heart failure we found a clear relation
between reduced AVPD and impaired trans-
mitral Doppler indices of left ventricular
diastolic function, especially a short decelera-
tion time of early diastolic flow (Willenhe-
imer et al, unpublished data). In patients with
similar fractional shortening—that is, con-
tractility in circumferential fibres, AVPD was
lower in those with more compromised
diastolic function. We believe that our results
indicate that impaired myocardial diastolic
properties result in decreased long axis
lengthening. Consequently, because the long
axis shortening must equal the lengthening,
AVPD is reduced; concurrently, diastolic
transmitral flow is disturbed. Diastolic dys-
function might thus be the primary cause of
impaired AVPD.
Our findings are somewhat supported by

those of Henein and Gibson.2 They suggested
that, because of a primarily disturbed long
axis function, incoordination between long
and short axis function can result in asyn-
chrony of left ventricular diastolic function
and associated filling abnormalities. An
increased AVPD in response to dobutamine
stimulation may thus, at least partly, be the
result of improved diastolic function, which

may coincide with improved contractility of
circumferential fibres.
An interesting finding in the study by Kra-

nidis et alwas that the regional (septal, lateral,
inferoposterior, and anterior) AVPD increase
during dobutamine infusion corresponded to
the areas of functional recovery following
revascularisation.1 Alam et al found that, fol-
lowing exercise, regions of decreased AVPD
corresponded to areas of reversible ischaemia
on thallium scan.3 Furthermore, Höglund et
al found that regional AVPD at rest was
decreased corresponding to the site of first
time acute Q wave myocardial infarction.4

These findings support a connection between
regional AVPD and an area of ischaemic,3

hibernating,1 or infarcted4 myocardium. In
contrast, in 173 patients with coronary artery
disease undergoing coronary angiography,
regional AVPD at rest was not related to areas
of coronary artery stenosis or areas of prior
myocardial infarction, although AVPD was
decreased corresponding to the degree and
extent of coronary artery disease (Willenhe-
imer et al, unpublished data).
The time elapsed between the ischaemic

event and the assessment of AVPD may
explain these contrasting findings. Short term
alterations in the functional status of suben-
docardial, longitudinal fibres (in response to
ischaemia or dobutamine infusion) may
cause corresponding regional changes in
AVPD.However, changes in functional status
may, after some time, lead to an interdepend-
ence between longitudinal and circumferen-
tial fibres, smoothing out regional contractil-
ity diVerences, thus causing a more
generalised decrease in AVPD. This hypoth-
esis might not only explain the diVerences
between our findings at rest and the findings
by Kranidis et al and Alam et al using stress
echocardiography,1 3 but also the diVerent
findings by us and Höglund et al in the rest-
ing situation.4 In the latter study, patients
were examined shortly after an acute Q wave
myocardial infarction, whereas most patients
in our study were examined a longer time
after a major ischaemic event.
The nature of AVPD is still largely

unknown and somewhat confusing. Future
research in this field will hopefully provide
important insight into systolic and diastolic
left ventricular function.
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Changes in pulmonary artery size
before and after total cavopulmonary
connection

SIR,—We read with interest the paper of
Buheitel et al dealing with the important topic
of pulmonary artery size in children before
and after total cavopulmonary connection.1

We congratulate the authors on their contri-
bution to the ongoing discussion about the
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fate of pulmonary arteries following various
forms of right heart bypass operation.2 3

However, there are several issues related to
the paper that were not clear.
In our opinion the authors do not provide

enough information about the surgical tech-
niques used in the treatment of the patients
either at primary palliation or during the so
called total cavopulmonary connection. We
particularly miss data related to the type of
systemic–pulmonary arterial shunt preceding
the total cavopulmonary connection, the
extent of surgical reconstruction of the
central pulmonary arteries, or the use of atrial
baZe fenestration. It is not clear whether the
total cavopulmonary connection was done as
a primary right heart bypass operation or as a
completion of previous hemi-Fontan or bidi-
rectional superior cavopulmonary anastomo-
sis. We believe that this information is crucial
if the results of this study are to be compared
with other published series.4 5

The authors studied two distinctly diVer-
ent groups of patients, which deserve closer
analysis. The first, much younger group of
patients (group I; mean age 1.5 month) had
severely hypoplastic pulmonary arteries (Z
score of the right and left pulmonary arteries
−6.0 and −9.6, respectively) at the time of
their first cardiac catheterisation. One can
only assume that these patients had very low
pulmonary blood flow and that they went on
to have some form of initial palliation to aug-
ment pulmonary blood flow. This provided
suYcient pulmonary blood flow to enhance
pulmonary arterial growth to reach normal
values (mean Z score 0.5 and −0.5 for the
right and left pulmonary artery) although
remaining below the volume of systemic
blood flow. These patients underwent a total
cavopulmonary connection within a mean
interval of 3.34 years from the time of their
first cardiac catheterisation, at the relatively
young mean age of 3.46 years. This operation
was followed by relatively poor pulmonary
arterial growth (change of mean Z score −2.9
and −4.4 for the right and left pulmonary
arteries).
The second, older group of patients (group

II; mean age 10 months) had mildly underde-
veloped pulmonary arteries at the time of
their first cardiac catheterisation. One is left
to speculate as to the proportions of this
group who had either well balanced or
increased pulmonary blood flow at first
assessment, and how many received initial
palliation to restrict pulmonary blood flow.
Subsequent assessment demonstrated pul-
monary blood flow in excess of systemic
blood flow and pronounced enlargement of
both pulmonary arteries (mean Z score
> 8.0) over a much longer period of time
(mean 7.3 years) leading to the total cavopul-
monary connection. The ensuing reduction
of high pulmonary blood flow tomore physio-
logical levels after this definitive procedure
led to an encouraging return of the size of
both pulmonary arteries to close to normal
values (mean Z score 2.2 and −0.7 for the
right and left pulmonary arteries).
These are certainly interesting findings,

which to a certain extent support our
previous conclusions6 that candidates for any
Fontan-type operation will initially fall into a
group with hypoplastic pulmonary arteries or
a group with adequate or even larger than
normal pulmonary arteries at initial assess-
ment. This division is in most cases matched
by the volume of pulmonary blood flow. The
aim of subsequent palliative procedures will
be diVerent in these groups of patients.

Promotion of growth of originally hypoplastic
pulmonary arteries is mandatory; however,
the paper of Buheitel et al appears to imply
that an early total cavopulmonary connection
will give a suboptimal result in terms of pul-
monary arterial growth. In patients with
larger than normal pulmonary arteries, the
role of an early total cavopulmonary connec-
tion is not clear. The relevance of these data
to clinical outcome is also far from clear and
is not addressed in this paper.We support the
conclusion of the authors that more infor-
mation about the long term development of
pulmonary arteries following Fontan-type
operations is required.We look forward to the
next report on their patients’ pulmonary
arterial growth. However, the lack of correla-
tion between the size of pulmonary arteries
and pulmonary arteriolar resistance or clini-
cal findings may question the value of central
pulmonary arterial measurement for the long
term outcome of patients after total cavopul-
monary connection.
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This letter was shown to the authors, who reply
as follows:

We thank Drs Slavik and Franklin for their
interesting comments on our study. To
answer the questions raised in their comment
we provide some additional information.
We agree that possible candidates for a

later Fontan-type operation can be divided
initially into patients with diminished pulmo-
nary blood flow and rather small pulmonary
arteries, and patients with adequate or
increased pulmonary blood flow and normal
or even larger than normal pulmonary arter-
ies. As we did not perform complete haemo-
dynamic studies in all children at the time of
initial cardiac catheterisation (especially in
children with duct dependent pulmonary cir-
culation), we were unable to provide infor-
mation about Qp/Qs in all our children in the
neonatal period or in early infancy. We
decided not to include this incomplete infor-
mation in our study and rather preferred to
divide our patients into two groups based on
the findings of the complete haemodynamic
assessment before the total cavopulmonary
connection.
In group I (patients with Qp/Qs < 1) nine

of 16 children had one, four of 16 had two,
and only three of 16 children had no palliative
procedure before the creation of the total

cavopulmonary connection. The palliative
procedures included 11 systemic–pulmonary
artery shunt procedures (using Goretex pros-
theses), three bidirectional cavopulmonary
shunt procedures, two atrial septectomies,
and only one pulmonary banding. Among
children of group II (Qp/Qs > 1 before total
cavopulmonary connection) 10 of 16 patients
had one, three of 16 had two, and three of 16
had no palliative procedure. These palliative
procedures included eight systemic–
pulmonary artery shunts, one atrial septec-
tomy, and seven pulmonary bandings.
The total cavopulmonary connection was

performed using an intra-atrial tunnel with-
out fenestration in all patients. Together with
the total cavopulmonary connection, patch
enlargement of a central pulmonary artery
stenosis had to be performed in both groups
with an equal frequency and therefore should
have no major influence on our results (four
children of group I and three children of
group II). In 29 of 32 patients the total
cavopulmonary connection was performed as
a primary right heart bypass operation, in
three of 32 (all group I) it was done as a com-
pletion following a bidirectional Glenn proce-
dure.
Our study aimed to give a description of

the behaviour of pulmonary arterial size
following total cavopulmonary connection.
We emphasise that the decrease in pulmonary
artery size found during medium term follow
up should not be interpreted as a lack of pul-
monary artery growth. As we pointed out in
our paper, there was turbulent flow in the
central pulmonary arteries in almost all our
patients before total cavopulmonary connec-
tion (with the exception of the three children
who underwent a prior bidirectional Glenn
anastomosis). The abolition of turbulent
blood flow in the central pulmonary arteries
could well explain their reduction in size fol-
lowing total cavopulmonary connection. We
certainly did not want to imply that an early
total cavopulmonary connection will give a
suboptimal result in terms of pulmonary
arterial growth, and we have expressed this
explicitly in our discussion.
We agree completely with Drs Slavik and

Franklin that presently the clinical relevance
of these changes in pulmonary artery size
after a Fontan-type repair remains unclear, as
all our patients are in good clinical condition.
Nevertheless, the growth of the central
pulmonary arteries might have serious conse-
quences on the long term outcome following
a right heart bypass operation. Therefore, we
believe that it is mandatory to obtain further
information on the impact of a non-pulsatile
flow pattern on pulmonary arterial growth.
This applies particularly to children in whom
a bidirectional Glenn procedure or a total
cavopulmonary anastomosis is performed in
infancy or early childhood. We plan a
reassessment of the pulmonary arteries and
the clinical condition of our patients in three
to five years.

Serum concentration of cardiac
troponin T in patients with
cardiomyopathy: a possible mechanism
of acute heart failure

SIR,—We previously reported a group of
patients with dilated cardiomyopathy associ-
ated with increased concentrations of serum
cardiac troponin T (TnT) (measured using a
first generation radioimmunoassay kit) and
collagen.1 These patients had poor short term
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prognosis. Of 11 patients with positive serum
concentrations of TnT or collagen, seven died
before April 1998 while all 10 negative
patients are currently stable in their clinical
course. Five of the positive patients developed
acute heart failure several times before death,
complaining of dyspnoea and with orthop-
noea and pulmonary congestion on chest
radiography from compensated chronic heart
failure without pulmonary congestion. The
causes of decompensation of chronic heart
failure to acute heart failure were unclear in
most cases—there was no significant infec-
tion, no interruption in taking diuretics, and
no drinking excess water. Although the
mechanisms of decompensation of chronic
heart failure to acute heart failure are
unknown, five of our patients demonstrated
continuously increased serum concentrations
of TnT, suggesting ongoing subclinical myo-
cyte degeneration even in the compensated
stage of chronic heart failure. We concluded
that subclinical myocyte degeneration occurs
during compensated chronic heart failure and
that this degeneration may lead some patients
into acute heart failure.
Since April 1997, we have been using sec-

ond generation TnT assays, which are diVer-
ent from the first generation assays and have
a high specificity. Patients with dilated
cardiomyopathy whose prognosis is poor have
serum concentrations of TnT about 0.04–
0.09 ng/ml as measured by the second
generation kit.
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Comparative study of chest pain
characteristics in patients with normal
and abnormal coronary angiograms

SIR,—Owing to the age related prevalence of
coronary heart disease (CHD), the observa-
tion that angiographically validated CHD is

more common in patients aged > 55 with
“atypical” chest pain than in their younger
counterparts,1 and that this is true for women
aged > 52 with negative exercise tolerance
tests and > 3 risk factors for CHD,2 is a vali-
dation of the proposition, consistent with
Bayes’s theorem, that the higher the preva-
lence of any disease, the greater the likelihood
of atypical presentation.This is a concept that
deserves more universal recognition to cir-
cumvent omissions of the type exemplified by
a recent evaluation (among other considera-
tions) of the diagnostic role of non-invasive
nuclear imaging in patients with intermediate
likelihood of CHD.3 This study did not test
the hypothesis that the predictive accuracy of
nuclear imaging could be age related. In the
absence of such information, especially in
view of the documentation of poor negative
predictive value for the exercise tolerance
test,3 the threshold for angiographic investi-
gation should be lower in the old than in the
young, especially in view of the necropsy vali-
dation of an age related increase in severity of
individual coronary atherosclerotic lesions.4
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Fax machines for thrombolysis

SIR,—I hate to write a letter to the editor
commenting on another letter to the editor,
but I wish to comment not only on the
remarks made by Hooghoudt and colleagues1

but also on the two original articles,2 3 which
escaped my notice when first published.
Fax machines truly contribute to better

patient care, not only in decisions regarding
thrombolysis but also in other common clini-
cal situations. On many occasions we see
patients in the emergency department with
chest pain and electrocardiographic abnor-
malities including Q waves and ST changes.
But these changes could be “old”, represent-
ing previous myocardial infarction or ven-

tricular aneurysm rather than something
acute. In the absence of a previous ECG, the
usual plan would be to admit the patient to
the coronary care unit, put the patient on a
monitor, repeat the electrocardiography at
frequent intervals, and draw serial blood
samples for myocardial enzyme determina-
tions to rule out an acute myocardial
infarction. However, if we could see the pre-
vious ECGs with the old Q waves and/or ST
changes for comparison, all these unneces-
sary and costly tests could be avoided.
Another clinical situation where a know-

ledge of any previous ECG abnormality
would be critical in decision making is atrial
fibrillation. Patients with chronic atrial fibril-
lation and well controlled ventricular rate
often do not experience any cardiac irregular-
ity or palpitation. Thus, when such a patient
is seen for the first time with complaint of
palpitation and is found to be in atrial fibril-
lation, one assumes the atrial fibrillation to be
acute in onset. The diVerentiation between
acute and chronic atrial fibrillation is particu-
larly important if one is thinking about
cardioversion without preceding anticoagula-
tion. This problem could be easily and
promptly resolved if the patient’s previous
ECG is made available for comparison.
Therefore, the immediate availability of a
previous ECG4–6 is extremely relevant,
whether for consultation, comparison or con-
firmation, in most clinical situations. Fax
machines can now accomplish this whether
across town or around the world. They can
really influence the way we practice medicine.
As the Chinese saying goes, one picture is
better than a thousand words. This is
certainly true in the case of comparing ECGs.
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